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In 1995, operating under a Cooperative Research and Development Agreement (CRADA) 
between Argonne National Laboratory, Wayne Circuits, Inc. and Eichrom Industries, 
Inc., a process was devised to treat and recycle printed circuit board waste by Argonne 
scientists. The purpose of this project was to transfer the knowledge learned about 
treating 'this waste that had been developed in the laboratory to an operating pilot unit in 
service in the Wayne Circuits manufacturing facility. The objective ofthe study was to 
gain sufficient operating experience treating plant waste to determine process limitations 
and what features would be required to convert the process from pilot-scale to plant-
operating scale. 
At the time of the trial, Wayne Circuits was generating approximately 10,000 gallons of 
hazardous waste per week from their manufacturing processes. Their procedure is to 
store this waste in several tanks, and for a vendor to come to the site several times per 
week to transfer the liquid into the vendor's trucks. The waste is relocated to the 
vendor's site, where it is treated using a precipitation process. The process yields a solid, 
metal-bearing waste requiring subsequent disposal in a landfill. Based on the scientific 
work that preceded the field trial it was thought that the primary metal contaminant in the 
waste, copper, could be collected into a recyclable copper sulfate solution. The 
remaining copper and other toxic metals, such as lead, could then be collected onto a 
selective ion exchange media. This would allow the treated waste to be disposed to the 
city sewer plant while complying with existing discharge limits. Since the selective ion 
exchange media has a finite capacity it would have to be regenerated from time to time. 
This waste, a dramatically reduced volume from what the plant had been producing, 
could also be trucked off-site for precipitation and final disposal. Another alternative was 
for the resin to be regenerated off-site, thus essentially eliminating the generation of 
metal-containing waste at the site. 
Such a process, if successfully developed, would have wide ranging benefits for the 
smaller manufacturers of printed circuit boards and the environment. The current cost of 
disposal is $0.30 per gallon, amounting to over $150,000 per year. This is a considerable 
expenditure for a manufacturer in an industry facing tight profit margins and increasing 
regulation. Copper, which comprised approximately 95% of the metallic waste 
constituents, has considerable economic value in a reasonably uncontaminated form. 
Recycling copper back into a commercial product breaks the chain of disposal liability . 
The need to dispose of the copper waste in a landfill is minimized. 
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The process developed by Argonne scientists and implemented at the site utilized two 
technologies. First the waste was treated via a solvent extraction process. The primary 
characteristic of solvent extraction is that a selective organic extractant is put into contact 
with the aqueous waste. Through mixing, the organic extractant selectively sorbs the 
copper from the aqueous phase. The phases can then be separated due to their different 
densities. A strong (2M) sulfuric acid solution was sufficient to strip the copper from the 
organic phase, which could then be reused. By repetitively contacting the same strip 
solution'with additional loaded organic phase, the concentration of copper in the acid 
solution could build to a concentration where recycling is worthwhile. 
Once the majority of the copper was extracted from the waste it could then be 
economically treated via selective ion exchange. A particular media, Eichrom's 
Diphonix® resin, is known for its ability to sorb metals from liquid solutions without 
accumulating non-regulated species such as calcium, magnesium and sodium. This 
feature of selectivity makes the accumulation of relatively low concentrations of metals 
from liquid solutions containing higher quantities of non-regulated species economically 
viable. The cost of using Diphonix resin as the primary remover of copper was quickly 
determined to be uneconomical due to the volume of waste solution that would be 
produced from frequent resin regenerations. 
Executive Summary 
This project involved the conversion of a new waste treatment technology from the 
laboratory to pilot-scale operation. The system combines two processes, solvent 
extraction for the bulk removal of copper from printed circuit board waste and then 
selective ion exchange to remove the remaining copper and other regulated metal 
contaminants. The solvent extraction process utilized centrifugal contactors to separate 
the organic and aqueous phases due to the small size of the equipment (per unit volume of 
waste processed) to fit within an existing plant and the reduced amount of extractant 
required. Ion exchange is a well known plant process, used in almost every industrial 
plant for the production of boiler feed water and high purity process water. In this case a 
selective ion exchange media, Eichrom's Diphonix resin, was used to preferentially 
collect metallic contaminants from the waste without expending the resin's capacity on 
non-regulated calcium, magnesium and sodium species also present. This selectivity is 
important in that it makes ion exchange economically practical as a waste treatment 
option. The combination of these two technologies was an innovation developed by the 
scientists of Argonne National Laboratory as part of a Cooperative Research and 
Development Agreement, in cooperation with Wayne Circuits of Yorkville, IL, a 
manufacturer of printed circuit boards, and Eichrom Industries, Inc., a metal separations 
technology developer. 
In the broadest perspective, our conclusion is that the implementation of the waste 
treatment process as a continuously operating system within Wayne Circuits or a 
comparable printed circuit board manufacturer is technically feasible but not 
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invariably be some fraction of organic material retained with the aqueous waste. 
Higher concentrations of suspended solids would cause entrainment to be more 
severe, as would intermittent operation. The presence of organic phase in the waste 
being treated by ion exchange was observed to almost immediately stop any metal 
uptake by the resin. There was no outward sign that this occurred in any operating 
parameter, and the only way to detect that the resin was oil-fouled was by analyzing 
treated waste samples. Cleaning the organic phase off of the resin was easily 
accomplished using surfactants, but was time consuming and detracted from system 
operating availability. To prevent organic phase fouling of the ion exchange resin 
could require a secondary filtration capability using activated carbon or some other 
absorptive media. 
• Requirement for Batch Mixing: One of the important findings during the trial was that 
the kinetics of copper uptake by the organic extractant was too slow to be practical 
within the mixing time allocated in the design of the solvent extraction centrifugal 
contactor. Explaining this further, many solvent extraction processes are kinetically 
quick, with little time required for the uptake of the target metal, in our case copper, 
into the organic phase. In other cases the time required for phase transfer is longer, 
possibly due to interactions between the metal and chelating or complexing species in 
the waste. Relying on the reaction time available in the contactors would have 
required so many stages as to raise the equipment cost to very high levels. 
Experiments showed that by accumulating equal volumes of waste and organic phases 
in a container, then mixing them vigorously, provided nearly complete uptake of 
copper into the organic phase. The optimal time for mixing was found to be 40 
minutes. To have this mixing time incorporated into a plant-scale unit would require 
that three units be installed (one filling with waste and organic extractant solutions, 
one mixing, and the third feeding the contactors). The control logic for operating 
these systems would be critical to successful system operation and would require 
considerable engineering skill to produce. 
• Monitoring Capability: Since the objective of the process is for waste previously 
hauled off-site to be treated and disposed of through the city sewer system, 
monitoring of system performance is imperative to prevent any accidental release of 
contaminants that are unacceptable to the sewer authority. At the very least a 
spectrophotometric analyzer capable of measuring copper, lead and several other 
metal elements would be required, along with an operator/analyst to conduct the 
testing. Given the degree of waste variability, and the rigorous standard required for 
disposal to the sewer plant, the skill level of this operator/analyst would likely require 
a degreed chemist. 
The estimated costs for these system requirements far outweigh the cost benefit that 
would be derived from the use of the treatment system. Based on this analysis, there is 
no cost justification for the printed circuit board manufacturer to implement the process. 
It is believed that a central waste processor, such as the vendor that now receives and 
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treats the waste generated at Wayne Circuits, may be able to treat a sufficient volume that 
could sustain these design considerations and resulting costs. 
Report Body 
Introduction: The background work preceding this project was initiated by the scientists 
of Argonne National Laboratory as part of their changing role in the field of scientific 
development away from nuclear weapons research to chemical solutions for the wider 
business community. A CRADA, a Cooperative Research And Development Agreement, 
was initiated between Argonne National Laboratory, Wayne Circuits, Inc. of Yorkville, 
IL and Eichrom Industries, Inc. of Darien, 11. Wayne Circuits is a manufacturer of 
printed circuit boards serving the consumer electronics and communications industries. 
Wayne Circuits was an ideal site for this project because, as a small business, it would 
not have had the resources to finance and direct any sort of major technical development, 
but is viable enough to realize the benefits of any process improvements that could be 
developed. Eichrom Industries holds the exclusive license to manufacture and market a 
number of products originally developed at Argonne National Laboratory. Eichrom 
Industries has been successful at commercializing a number of Argonne's technical 
developments into the marketplace, and was a natural partner in the CRADA. 
Argonne's scientists identified two objectives for their work. They sought to recycle 
copper and generally reduce the volume of hazardous waste produced at the plant that 
would require off-site disposal. Secondly they were to develop a strategy to decrease 
overall water use at the plant by recycling process water wherever possible. This would 
result in less waste being trucked off-site to their waste treatment vendor, and reduce the 
volume of water discharged to the local sewer authority. The savings in reduced waste 
disposal and sewer charges established the costs savings against which the costs of 
implementing new processes would be considered. 
Waste was collected at Wayne Circuits for investigation by Argonne scientists. The site 
of sampling was the waste sump, an indoor receiving tank where waste was collected 
from a number of plant processes for transfer to two larger outdoor tanks that were the 
loading point for the waste treatment vendor. Sampling at the waste sump was important 
because it would contain all the waste being trucked away, and treatment at this location 
would be the worst case scenario since all possible contaminants would be present. 
Treatment of this waste stream would also provide the maximum economic value. 
Because many of the plant's processes are batch operations, it was expected that waste 
variation may be high, imposing the most demanding conditions on the developed 
treatment scheme. 
Three samples of waste collected for testing at Argonne produced the following metals 
analyses, shown Table 1. Many other metals were also measured, but are not reported 
here because they are either present below analytical detection limits, or not regulated by 
the city sewer authority. The waste was defined as typically having no sludge (suspended 
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solids) character. Argonne's scientists did not analyze for organic constituents in the 
waste, but they were presumed to be present due to their use in the plating processes. 
Table 1. Initial Waste Analysis Results 
Metal Sample 1 Conc. Sample 2 Conc. Sample 3 Conc. 
Copper 668 ppm 980 ppm 1350 ppm 
Chromium 0.32 ppm 0.40 ppm 0.07 ppm 
Iron 88.6 ppm 60 ppm 289 ppm 
Manganese 22.3 ppm 0.25 ppm 0.89 ppm 
Lead 4.65 ppm 7.3 ppm 7.11 ppm 
Nickel 0.53 ppm 0.38 ppm 1.08 ppm 
Tin 83.4 ppm 77.6 ppm 109 ppm 
Zinc 1.33 ppm 1.05 ppm 1.23 ppm 
From the analysis is was clear that copper removal should be the primary focus of the 
technology. This is not surprising due the plant's use of copper sheets as the base 
material for their printed circuit boards and the use of subtractive (etching) processes. 
The second highest metal concentration present was tin, but no particular consideration 
was given to tin removal since it is not regulated by the sewer authority. 
Since copper recycling was a primary objective for the process, a selective method of 
copper accumulation was required. Solvent extraction fits this need, and is widely 
utilized in the production of copper at a number of mine sites worldwide. The basis of 
solvent extraction is the use of an organic extractant that selectively complexes the target 
metal from an aqueous solution. In this case the optimal extractant was identified to be 
acetophenoneoxime, and available from Henkel Corporation (Tucson, AZ) as their 
product LIX 84. Other LIX products were also tested. After an initial screening with 
neat LIX-84, a more useful organic phase was determined to be 25% LIX 84 and 75% 
ISOP AR L, a kerosene-like diluent manufactured by Exxon Chemical Co. of Deer Park, 
TX. It was also determined that once the copper had been loaded into the organic phase it 
could be readily stripped with a molar acid concentration of sulfuric acid. The resultant 
copper sulfate/sulfuric acid solution is a form readily amenable to recycling. 
Laboratory testing showed that while the majority of the copper could be taken by the 
organic extractant, the remaining copper concentration still exceeded plant discharge 
limits. To achieve additional copper reduction, plus the removal of other regulated 
metals, the use Eichrom's Diphonix resin appeared beneficial. Diphonix resin is a 
diphosphonic acid functionalized cation exchange resin, using typical 
styrene/divinylbenzene structural elements. This same backbone is used in the vast 
majority of ion exchange resin used for boiler feed water and high purity process water 
preparation worldwide. The unique characteristic of Diphonix resin is its ability to sorb 
metallic components without collecting non-regulated and non-hazardous elements such 
as calcium, magnesium and sodium. These elements are present in all natural water 
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supplies, and form the vast majority ofthe loading on a typical cation exchange system. 
Using traditional sulfonic acid functionalized resins that accumulate calcium, magnesium 
and sodium, ion exchange is rarely a cost-effective waste treatment option because so 
much of the resin's capacity is spent on non-regulated species. This requires frequent 
resin regeneration, and the production of copious volumes of acidic waste. By focusing 
exchange capacity only on regulated metals, Diphonix resin makes ion exchange a viable 
alternative for metal removal from waste. A quick calculation showed the initial 
concentration of copper present in the waste to be sufficiently high that direct waste 
treatment via Diphonix resin would also be uneconomical due to the volume of waste 
generated. Also the Diphonix resin would not collect the copper selectively from the 
other metals, thus it would be difficult to recycle the copper due to the presence of these 
contaminants. 
A system schematic was developed for field testing, and is shown below as Figure 1. 
Figure 1. Proposed Treatment System for Printed Circuit Board Waste Treatment at 
Wane Circuits 
Organic Phase Storage Organic Phase Stripping 
Sulfuric Acid 
Strip Solution 
Methodology: Upon the selection of suitable equipment partners for the project and 
completing a system design, the field trial began on November 13, 1997. Each day that 
field work was conducted a specific trial plan was developed. The basis of the trial plan 
was the result of the previous day's testing, along with a review of the trial's overall 
objectives. The following is a listing of the trial plan for each day offield testing 
conducted during the project. A more detailed recitation of each day's activities may be 
seen in the daily reports provided as Attachment 1. 
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November 13, 1996: Initial solvent extraction equipment set-up. Single contactor studies. 
November 14,1996: Two and then three contactors studies, testing of several O:Aratios 
and varying feed rates 
November 15, 1996: Three contactor loading study 
November 21, 1996: Low copper removal rates seen in previous studies, reprocessing 
waste in attempt to drive effluent copper concentration lower. 
November 25, 1996: Initial stripping of copper from organic phase into sulfuric acid. 
November 27, 1996: Waste samples collected during morning and afternoon of same day 
to determine short-term variability in plant waste. Solvent extraction loading studies 
done on each. First experiments done on "external mixing", agitation of waste and 
organic for extended time period prior to separation to improve copper uptake into 
organic phase. 
December 6, 1996: Stripping done at several flow rates. Attempting to overcome 
pumping problems by repair and replacement. 
December 11, 1996: Additional external stripping experiments done based on improved 
performance seen in initial attempt. 
December 19, 1996: New pumps received to improve processing reliability. Processing 
of externally mixed waste and stripping studies. Impact of waste pH on loading 
becoming a priority. Will become emphasis of testing program. 
December 23, 1996: Tested effect of conducting several loading phases in series to drive 
effluent copper concentration lower. 
December 27, 1996: Striping conducted to prepare organic phase for additional studies of 
pH effect on loading. Single waste sample split into two portions, one tested with pH 
adjustment, second run as received. 
January 2, 1997: Conducted sequential stripping of organic phase to remove maximum 
copper. This was done to restore total organic phase copper capacity to load copper. 
January 6, 1997: Additional sequential loading experiment. Also tested extending time 
of external mixing to improve copper uptake. Several additional stripping experiments to 
restore organic phase capacity. 
January 7, 1997: Split waste sample to determine effect of external mixing time on 
copper uptake. 
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January 9, 1997: Planned tests not conducted due to plant operator spillage of strip 
solution. Strip solution remixed. Delivery of ion exchange system. 
January 10, 1997: Conduct repeated loading experiments of same waste batches to drive 
down effluent copper concentrations. One waste sample had high pH, good test of 
extractant performance. 
January 13, 1997: Initial ion exchange experiments. Tested several waste samples that 
were previously treated by solvent extraction. 
January 14, 1997: Test impact of one 40 minute external mix period versus two 20 
minutes periods on split waste sample. This will determine optimal mix time. 
January 17,1997: Ion exchange testing continued. Expect that January 13 testing poor 
due to organic presence in waste. 
January 22, 1997: Conducted resin cleaning to remove organic fouling. Processed waste 
before and after cleaning to verify effectiveness. 
January 27, 1997: Final solvent extraction experiment. Conduct 40 minute mix. 
Operated equipment with one contactor doing organic/waste separation, two other 
contactors conducting "on-line" stripping to verify continuous nature of process 
operation. 
February 4, 1997: Ion exchange experiments to show impact of particulate contamination, 
filter performance. 
February 6, 1997: Ion exchange experiment to show copper removal in case of high 
effluent concentration leaving solvent extraction. 
February 11, 1997: Ion exchange loading experiments with several waste batches. 
February 14, 1997: Cleaning and regenerating of ion exchange resin to restore capacity 
and improve effluent quality. 
Results: See daily data sheets provided as Attachment 1. 
Discussion: The equipment used to conduct the field evaluation was found to be an 
important part of the process. While a traditional approach could be taken with the ion 
exchange part of the process, the solvent extraction portion of the project required special 
consideration. 
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Industrial-scale solvent extraction processes are usually conducted using mixer/settlers. 
The mixer provides for a relatively short period of high shear agitation with some 
additional contact time between the organic and aqueous phases. In the settler part of the 
equipment there is a low shear flow zone where the density difference between the 
organic and aqueous phases will, over time, cause the phases to disengage. This type of 
equipment was deemed impractical for this project because of two characteristics. The 
settler portion of the equipment is typically quite large, since gravity is the only force 
available to separate the phases. In an existing facility the space occupied by a large 
settler unit would constrain other plant operations, taking up excessive floor space. The 
second concern is that the volume of organic phase is quite large for the volume of 
aqueous phase treated. Most of this volume is needed to ensure disengagement in the 
large settler just described. This causes an additional burden when the organic phase 
involves a relatively expensive extractant, as is the case in this project. This large volume 
requires a large expenditure on extractant that for the vast majority of the time is in the 
process of floating off from the aqueous phase. 
To minimize both the size of the equipment and the cost of extractant required, this 
project utilized centrifugal contractors to conduct the solvent extraction work rather than 
mixer/settlers. Centrifugal contactors function by drawing in the two phases, contacting 
them for a short period of high shear mixing, then spinning them rapidly to enhance the 
density difference. 
CINC, Inc. of Carson City, NV was selected as the supplier of centrifugal contactors for 
this project. As the only US supplier of this type of equipment, their ability to provide 
training and technical support was seen as decisive. This was borne out through the 
study, as they provided excellent start-up training, enabled the project to start-up quickly 
and resolved pump material of construction problems. CINe personnel also specified 
and provided a number of mobile 55 gallon storage tanks and connecting transfer hoses 
that were very useful during the trial. In addition to storing organic phase and strip 
solutions, a number of different waste solutions could be retained in these tanks until 
chemical analyses were completed. 
The equipment was installed in a work area adjacent to the chemical sump, which was the 
primary waste collection tank. It was easy and safe to divert waste from the chemical 
sump to one of the small storage tanks. A typical experiment was conducted by initiating 
the flow of aqueous waste into one or more of the contactors. Establishing the aqueous 
phase first, it being the more dense, prevented organic contamination of the treated waste. 
Once flow of aqueous phase was observed exiting the contactor (or the final contactor 
when two or more were operated in series), pumping of the organic phase could begin. 
This would take only about one minute, and the volume of waste not contacted by 
organic phase was a minor amount of the total volume. 
During solvent extraction experiments a range of Organic/Aqueous (O:A) ratios and flow 
rates were investigated. Increasing the O:A ratio puts relatively more organic phase, and 
thereby extractant, into contact with the waste. When low copper uptake rates were 
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observed early in the trial, the first step taken was to increase O:A ratio. This was not 
successful at increasing copper uptake to desired amounts. 
The equipment used for the ion exchange separation was purchased from EnviroPure 
Solutions of Wheaton, 11. There are a number of suppliers for small ion exchange 
systems. One of the reasons EnviroPure was selected was because of their ability to also 
regenerate resin. They maintain a service center where resin canisters can be shipped for 
restoration of the resin's exchange capacity. Given that one of the trial's objectives was 
to minimize waste requiring transfer off-site, this seemed beneficial. 
The ion exchange equipment featured an inlet assembly, filter system, water meter, and 
transfer lines to the ion exchange resin-containing vessel. Nominal ten micron 
polypropylene filter elements were specified. Due to the occasional presence of 
concentrated suspended solids in the waste, filter elements were changed frequently. The 
water meter was useful in tracking solution volumes processed. In some cases the ion 
exchange canister was removed so the solution could be filtered several times to prevent 
solids loading on the resin bed. The resin bed operated in a typical downflow mode. It 
was also possible to reconnect the tubing to insert solution into the bottom of the resin 
bed and backwash the resin. This was done on several occasions when the resin was 
organically fouled, and a surfactant solution was used to remove the oil. Hydrochloric 
acid solution was also used to restore the resin's exchange capacity via this upflow mode. 
Ion exchange experiments were conducted using the same storage tanks as were used in 
the solvent extraction work. Knowing that ion exchange resins are prone to organic 
fouling, care was taken to clean tanks thoroughly prior to collecting waste destined for 
ion exchange treatment. 
Conclusions: A number of conclusions were developed as the study progressed. In some 
cases a revised method of operation was developed to continue the trial progress. 
Conclusion # 1: The first conclusion was that the waste had a much higher variability in 
both pH and copper concentration than was detected in the preliminary grab samples. 
The copper concentration throughout the study, up to the last day of solvent extraction 
testing on January 27, 1997, never approached the values seen during bench-scale testing. 
This did not significantly impact the trial, other than to extend the time for copper 
accumulation in the strip solution to a significant concentration. The pH variability was 
more important. pH values ranging from 1.0 to 11.0 (units) were observed during the 
course of the trial. Testing showed that the extractant had remarkable flexibility, showing 
uptake in the pH range from 2 to 10 (units). This suggested that a permanent system may 
require installation of a pH adjustment station to allow for optimal copper uptake. The 
items seen as necessary are a pH analyzer, storage tanks for acid and base, and feed 
pumps. It is conceivable that if a sufficiently large storage tank served to composite a 
large waste volume that the pH would likely fall in the treatable range. 
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Conclusion #2: Copper uptake in the centrifugal contactors was far short of that required. 
Copper discharged to the sewer must average less than 5 ppm. The first six trial days (see 
logsheets WAYNDATA1 - 6) showed only a small fraction of the copper to be collected 
in the organic phase. Varying O:A ratios, flow rates and the number of contactors did 
little to improve the uptake. Only when the organic phase and waste were mixed 
externally from the contactors did copper uptake amounts improve. This concept was 
verified on November 27, 1996, when a single waste sample was split into two portions. 
The first was processed through three contactors in series. The copper removal rate was 
no more than 5%. The same waste, when mixed externally at the same O:A ratio showed 
copper uptake rates 4X greater, at over 20%. While this rate of removal was still not 
satisfactory it indicated a direction for optimization. 
Conclusion #3: Another unexpected characteristic of the waste was occasional high 
suspended solids loading. The highest suspended solids loading observed was 
approximately 10%, in the waste collected on January 14, 1997, although other waste 
samples had 3 - 5% solids upon settling. Solids in solution going to solvent extraction 
cause the annoyance of an intermediate layer, sometimes called a "rag" layer in between 
the organic and aqueous phases. This would cause some minor amount of cross-
contamination during the run, with the primary negative effect being the build-up of an 
organic phase skim on top of the aqueous waste in storage. Transfer of this organic phase 
to the ion exchange system was observed to shut down the mass transfer performance, 
and render the resin ineffective. The solids could be collected in a filtration system ahead 
of the solvent extraction process, which would be an additional capital and operating 
expense for a permanent system. 
Conclusion #4: The waste could have an acidity or basicity characteristic producing 
ineffective copper uptake by the organic extractant. On December 19, 1996, as the 
principle of external mixing was being investigated, a waste solution was collected from 
the chemical sump for test Segment F of that day's work. Despite the external mixing 
process, copper uptakes rates were on the order of 20%, when other waste from the same 
tank from the same day showed copper uptake rates of over 90%. Once this was 
determined in the laboratory, the measured pH of this waste solution was 1.0 (units). 
This waste was determined to be excessively acidic for proper copper uptake by the 
organic phase. A comparable observation was made on the waste treated as Test Segment 
C on January 10, 1997. On this occasion the waste pH was over 11.0 (units). Again 
copper uptake was poor in comparison to seemingly similar waste collected on other days 
that showed >90% copper uptake. This established that the upper pH limit of extractant 
efficacy had been exceeded. This provides for the basis that a waste pH adjustment 
capability must be part of a final plant-scale design. 
Conclusion #5: Forty minutes of contact between waste and organic extractant was 
established as the optimum contact time. This developed from the data of January 14, 
1997. A single waste sample of acceptable pH was split into two portions. One portion 
was contacted with organic phase and underwent high shear mixing for 20 minutes. The 
effluent copper concentration was dramatically reduced, but still had a copper 
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concentration well in excess of what could be economically removed via ion exchange. 
The second waste portion was contacted with organic extractant phase under the same 
mixing conditions for 40 minutes. The effluent copper concentration dropped 
dramatically to approximately 5 ppm, sufficiently low for discharge. Even when the first 
solution was contacted with barren organic for an additional 20 minutes, yielding a total 
contact time of 40 minutes, the effluent copper concentration was still not as low as for 
the single 40 minute contact period. 
Conclusion #6: Placing a solvent extraction process, which by definition incorporates 
organic extractants, in series with an ion exchange process suggests the possibility of 
organic phase carryover onto the ion exchange resin. Oil fouling of resin is well known, 
and was observed during this trial to render the ion exchange bed ineffective at metal 
uptake. What could not be known until the field trial was conducted was whether the 
performance of the centrifugal contactors would be adequate to prevent any appreciable 
organic phase carryover from contaminating the treated aqueous waste phase. From the 
very beginning of the ion exchange work, on January 13, 1997, organic contamination of 
the resin was apparent. Processing of the first two waste batches, designated A and B 
showed metal removal, and particularly good removal of lead down to the analytical 
detection limit of 0.2 ppm. The lead discharge limit is 0.5 ppm. But as early as the third 
waste batch, after only 60 gallons (or about 15 bed volumes) lead removal had ceased. 
Metal removal capability was restored by the washing of the resin with surfactant 
solution, as was done on January 22, 1997, with lead uptake onto the resin restored in 
Test Segment 13 of that day's experimentation. Resin fouling occurred several more 
times, each coinciding with treatment of a new batch of waste following solvent 
extraction processing. While organic removal is possible, it is seen as a time-consuming, 
waste generating process that severely limits process performance. 
Conclusion #7: The monitoring of the process during continuous operation would require 
a considerable amount of analytical equipment and a skilled technician. Since the 
objective is to treat waste to a suitable degree for discharge to the local sewer authority, 
there must be a significant commitment to monitoring waste chemical constituents. The 
primary analytical requirement is for copper and lead in the treated solution, which can be 
done with a field adapted spectrophotometer. Since it has been observed that the uptake 
of copper by the ion exchange process is limited due to the presence of complexing or 
chelating agents also present in the waste (See data of January 22, 1997 Test Segment B), 
frequent copper analysis of the solvent extraction process is critical to meeting effluent 
quality requirements. This need for analytical capability, plus the operation of the 
equipment, necessitates that a qualified, likely degreed, chemist, be employed full-time to 
operate the process. Additional equipment, such as a pH meter to monitor incoming 
waste characteristics, would also be needed. 
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Recommendations: 
Recommendation #1: The process does not appear to be economically viable for 
installation on a plant-scale basis at Wayne Circuits. The maximum savings available 
from treating all waste currently trucked off-site is $150,000 per year. The capital costs 
to install the system were estimated and are shown in Table 2. Given that the plant's 
objective for capital investment is a one-year pay back, and that there is additional risk in 
waste treatment, no economic justification is apparent. There would also be increased 
personnel costs for a system operator/chemist that would continue year after year. Other 
continuing costs would be replacement extractant, resin regeneration charges, and 
maintenance on the equipment, plus utility (electricity, primarily) charges. 
Table 2. Capital Cost of Plant -Scale Waste Treatment System 
Item Installed Cost 
Centrifugal Contactors $100,000 
pH Adjustment System $10,000 
Filtration System $25,000 
Ion Exchange System $10,000 
Waste Mixing System $50,000 
Monitoring Equipment $5,000 
Total $200,0000 
A less expensive option replacing the centrifugal contactors would be a series of 
mixer/settlers. But these are so large that they could not be placed in the existing 
building, and would require some additional structure, which would again elevate the 
cost. 
Recommendation #2: Based on the demonstrated success of the technology, approach 
larger operations, possibly the waste treaters, as prospective users of the process. In these 
plants, there would presumably be some economies of scale that make the process more 
affordable. 
Attachment 1 
Wayne Circuits Test Data 
November 13, 1996 
Test Plan: Initial Start-Up of Centrifugal Contactors.Will be operating only a single 
contactor. Plan to test several flow rates and O/A ratios over somewhat short periods. 
Test Sample ID Organic Aqueous Time [Cu] %Cu 
Segment Flow Flow ppm by Removal 
mL/sec mL/sec AA 
Waste 1440 86 N/A 
A 1A 800/25 800/20 1446 71 17.4 
A 1B 800/25 800/20 1446 71 17.4 
A 2 800/25 800/20 1456 70 18.6 
A 3 800/25 800/20 1505 70 18.6 
B 4 800/15 800/30 1510 68 20.9 
B 5 800/22 800/30 1520 68 20.9 
B 6 800/15 800/30 1535 66 23.2 
C 7 800/30 800/17 1545 67 22.1 
C 8 800/32 800/18 1550 70 18.6 
C 9 800/32 800/18 1555 69 19.8 
Description of Test Segments: 
A - Waste and Organic Phases fed from separate storage containers. Target operation at 
1: 1 O:A ratio. Measured flow rates of approximately 0.51 gpm organic phase flow, 0.63 
gpm aqueous phase flow. 
B - Attempted to increase organic flow to produce 2: 1 O:A ratio. Measured flow rates of 
0.73 gpm organic phase and 0.42 gpm aqueous phase. 
C - Attempted to increase aqueous flow and decrease organic flow to produce 1:2 O:A 
ratio. Measured flow rates of 0.40 gpm organic phase and 0.72 gpm aqueous phase. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
• All waste solutions were reasonably clear and solids-free 
• pH of waste solution = 10 
Additional data: 
A two phases sample also collected at plant and brought to laboratory for "ultimate" 
mixing. Resulting [Cu] was 17 ppm. 
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Wayne Circuits Test Data 
November 14, 1996 
Test Plan: Initial Start-Up of Centrifugal Contactors. Will be starting with two 
contactors, then adding a third. Will test several flow rates and 01 A ratios over somewhat 
short periods. 
Test Sample ID Organic Aqueous Time [Cu]ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Waste 1005 90 N/A 
A 1 800/19 800119 1012 40 55.5 
A 2 800/19 800/19 1016 38 57.7 
B 3 800/22 800/23 1037 38 57.7 
B 4 800/20 800/25 1049 36 60.0 
C 5 800/21 800/12 1055 38 57.7 
C 6 800/21 800/12 1101 36 60.0 
D 7A 800/12 800/13 1108 37 58.9 
D 7B 800/12 800/13 1108 40 55.5 
D 8 800/12 800/13 1115 36 60.0 
E 9 800/26 800/14 1422 21 N/A 
E 10 800/34 800/16 1427 22 N/A 
E 11 800/22 800/20 1434 26 N/A 
E 12 800/34 800/14 1458 19 N/A 
E 13 675/9 800/14 1505 28 N/A 
Description of Test Segments: 
A - Waste and Organic Phases fed from separate storage containers. Two contactors in 
operation. Target operation at 1: 1 O:A ratio. Measured flow rates of approximately 0.67 
gpm organic phase flow, 0.67 gpm aqueous phase flow. 
B - Added third contactor to operation. Attempted to maintain 1: 1 O:A ratio. Measured 
flow rates of 0.53 gpm organic phase and 0.60 gpm aqueous phase. 
C - Attempted to increase aqueous flow to produce 1:2 O:A ratio. Measured flow rates 
of 0.60 gpm organic phase and 1.06 gpm aqueous phase. 
D - Increased organic flow to produce 1: 1 O:A ratio at higher flow rate. Measured flow 
rates of 1.06 gpm organic phase and 0.98 gpm aqueous phase. 
E - Conducted initial strip of organic phase with 2. OM sulfuric acid. Different flow rates 
and O:A ratios studied. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
• All waste solutions were reasonably clear and solids-free 
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• pH of waste solution = 8.5 
Additional data: 
A composite sample of strip solution was also collected following Segment E. Resulting 
[Cu] was 31 ppm. [Fe] in strip solutions were around 4 -5 ppm. 
WAYNDATA2 
Wayne Circuits Test Data 
November 15, 1996 
Test Plan: Continued investigation of solvent extraction using centrifugal contactors. Will 
try to treat 50 gallons of waste using consistent performance characteristics. 
Test Sample ID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Waste 1000 360 N/A 
A 1 800/12 800/14 1003 279 22.5 
A 2 700/14 800/14 1013 278 22.8 
A 3 750/16 800/16 1022 261 27.5 
A 4 800/22 800/18 1031 280 22.2 
A 5 800/22 800121 1040 283 21.4 
A 6 800/22 800121 1044 294 18.3 
Comp 1 282 21.6 
Comp2 282 21.6 
Description of Test Segments: 
A - Waste and Organic Phases fed from separate storage containers. Three contactors in 
operation. Target operation at 1: 1 O:A ratio. Measured flow rates of approximately 
0.603 gpm organic phase flow, 0.704 gpm aqueous phase flow. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
• Waste solutions contained considerable suspended solids. ~ 112 inch of sludge in 
bottom of waste storage drum 
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Wayne Circuits Test Data 
November 21, 1996 
Test Plan: Reprocess single waste volume for several load cycles. Attempt to determine if 
removal improved by repeated, extended contact with organic phase. 
Test Sample ID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Waste 1115 372 N/A 
A 1 800/40 800/15 1120 350 5.9 
A 2 800/40 800/15 1125 324 12.9 
A 3 800/40 800/15 1130 368 l.1 
B 4 400/40 800/15 1135 352 5.4 
B 5 400/40 800/15 1140 356 4.3 
B 6 400/40 800/15 1145 364 2.2 
Compo 344 7.5 
C 7 500/60 800120 1205 328 1l.8* 
C 8 500/60 800/20 1210 304 18.3* 
C 9 600/60 700/20 1215 316 15.1* 
C lOA 400/60 650/20 1230 308 17.2* 
C lOB 400/60 650/20 1230 324 12.9* 
C 11 400/60 650/20 1245 312 16.1* 
D 12 650/10 600/10 1300 296 20.4* 
D 13 650/10 600/10 1305 292 2l.5* 
D 14 650/10 600/10 1310 324 12.9* 
E 15 650/10 700/10 1320 316 15.0** 
E 16 650/10 700/10 1325 336 9.7** 
F 17 650/10 700/10 1335 320 14.0** 
F 18 700/10 700/10 1345 308 17.2** 
F 19 700/10 700/10 1350 268 28.0** 
Comp.2 294 21.0 
* Indicates % Removal from original waste concentration in two passes through three 
contactors. 
** Indicates % Removal from original waste concentration is three passes through three 
contactors. 
Description of Test Segments: 
A - Waste and Organic Phases fed from separate storage containers. Operating at 
maximum output of organic feed pump. Processing at rates of approximately 0.32 gpm 
organic phase flow, 0.85 gpm aqueous phase flow. 
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B - Same waste and organic phase solutions as used in Segment A. Organic pump has 
slowed, reducing feed rate. Measured flow rates of 0.16 gpm organic phase and still 0.85 
gpm aqueous phase. 
C - Completed initial processing of waste volume. Taking aqueous phase effiuent and 
moving this tank to aqueous influent to process same waste solution a second time. 
Measured flow rates of 0.13 gpm organic phase and 0.55 gpm aqueous phase. 
D - Replaced organic phase feed pump to get more flow, also increased aqueous feed rate 
to get approximately a 1: 1 O:A ratio. Measured flow rates of 1.03 gpm organic phase and 
0.95 gpm aqueous phase. 
E - Completed second processing of aqueous phase. Starting third processing. Measured 
flow rates of 1.03 gpm of organic phase and 1.11 gpm of aqueous phase. 
F - Low inventory of organic remaining to complete third processing. Will bucket some 
''used'' organic phase to maintain sufficient solution to complete third processing. Flow 
rates of 1.11 gpm for both organic and aqueous phases. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
• All waste solutions were reasonably clear and solids-free 
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Wayne Circuits Test Data 
November 25, 1996 
Test Plan: Strip Organic solution loaded during experiments of 11121196. 
Test Sample ID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Strip 0930 80 N/A 
A 1 600/5 500/10 0940 512 N/A 
A 2 600/5 500/10 0945 498 N/A 
A 3 600/5 500/10 0950 428 N/A 
B 4 600/10 600110 1005 320 N/A 
B 5 650/8 500110 1015 423 N/A 
B 6 650/8 500/10 1025 480 N/A 
B 7 650/8 500/10 1035 380 N/A 
Compo 402 N/A 
Description of Test Segments: 
A - Waste and Organic Phases fed from separate storage containers. Will run organic 
phase at high flow rate to produce 4: 1 O:A ratio. Measured flow rates of approximately 
3.17 gpm organic phase flow, 0.80 gpm aqueous phase flow. 
B - Completed one pass of organic phase, still have 112 tank of aqueous, will reprocess 
organic phase. Measured flow rates of 1.17 gpm organic phase and 0.83 gpm aqueous 
phase. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
Additional data: 
Collected sample ofloaded organic phase for lab testing. At 1: 1 O:A ratio, results were 
250 ppm ofCu in strip solution. 
Collected sample of once-stripped organic phase for lab testing. In 1: 1 O:A testing with 
fresh 2M sulfuric acid, [Cu] = 198 ppm 
Collected sample of twice-stripped organic phase for lab testing. In 1: 1 O:A testing with 
fresh 2M sulfuric acid, [Cu] = 57 ppm, with 4M acid [Cu] = 2 ppm 
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Wayne Circuits Test Data 
November 27, 1996 
Test Sample ID Organic Aqueous Time [Cu] %Cu 
Segment Flow Flow ppm by Removal 
mL/sec mL/sec AA 
AM Waste 0930 275 N/A 
A 1 700/10 650/10 0940 263 4.4 
A 2 650/10 600/10 0950 260 5.5 
A 3 650/10 600/10 1000 266 3.3 
B 4 500/10 500/10 1045 215 21.8 
B 5 500/10 500/l0 1050 207 24.7 
B 6 425/10 475/10 1055 186 32.3 
B 7 425/10 475/10 1100 197 28.4 
PM Waste 1230 215 N/A 
C 8 300/10 300/10 1235 207 3.7 
C 9 300/10 350/10 1240 196 8.8 
C 10 200/10 250/10 1245 207 3.7 
C 11 200/10 250/10 1250 202 6.0 
C 12 200/10 200/10 1300 200 7.0 
C 13 200/10 200/10 1315 197 8.4 
Description of Test Segments: 
A - Waste and Organic Phases fed from separate storage containers. Three contactors in 
use with counterflow operation. Target operation at 1: 1 O:A ratio. Measured flow rates 
of approximately 1.06 gpm organic phase flow, 0.98 gpm aqueous phase flow. 
B - Approximately 20 gal of waste and 20 gal of organic phase mixed in same tank and 
aggressively mixed for 15 minutes prior to feeding into single contactor. Measured flow 
rates of 0.73 gpm organic phase and 0.77 gpm aqueous phase. 
C - Second trial of waste collected in PM in same manner as Segment B, with mixing 
reduced to only five minutes. Reduced flow rate solely an indication of pump 
performance, not an intentionally slower flow. Measured flow rates of 0.37 gpm organic 
phase and 0.41 gpm aqueous phase. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
• All waste solutions were reasonably clear and solids-free 
Additional data: 
Two phases samples also collected at plant and brought to laboratory for "ultimate" 
mixing. Resulting [Cu] were 197 ppm on AM Waste, 215 ppm on PM Waste 
Influent samples were also mixed with "virgin" organic phase in laboratory. Resulting 
[Cu] were 105 ppm for AM Waste, 140 ppm for PM Waste 
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Wayne Circuits Test Data 
December 6, 1996 
Test Plan: Strip Organic solution loaded during experiments of 11127/96. Will use three 
contactors in counterflow operation. Aim for 1: 1 O:A ratio. 
Test Sample ID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Strip 0930 116 N/A 
A 1 450/20 550/20 0940 197 N/A 
A 2 400120 575120 0950 201 N/A 
A 3 400/20 600/20 1000 200 N/A 
A 4 250/20 600/20 1015 150 N/A 
At 1030 hrs, organic pump output < 200 mL/20 sec, too low for reasonable processing 
rate, attempting to adjust. 
At 1100 hrs, pump problems unresolvable, will contact manufacturer for 
- recommendations, terminate testing for the day. Stripped organic volume = 18 gallons 
Description of Test Segments: 
A - 2M Sulfuric acid strip solution and Organic Phases fed from separate storage 
containers. Will run organic phase at high flow rate to produce 4: 1 O:A ratio. Initial flow 
rate of approximately 0.32 gpm organic phase flow, but it declined rapidly after about 112 
hour of contact. 0.46 gpm aqueous phase flow. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
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Wayne Circuits Test Data 
December 11, 1996 
Test Plan: Will use the one remaining operational pump to feed a combined phase solution 
through a single contactor. Will mix 18 gal of waste into the 18 gal of organic phase 
stripped on 12/6/96. Mixing time = 20 minutes. 
Test Sample ID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Waste 0957 270* N/A 
A 1 550/30 575/30 1006 29 89.2 
A 2 400/30 400/30 1012 29 89.2 
A 3 350/30 350/30 1018 23 91.5 
A 4 260/30 300/30 1024 23 91.5 
* This copper concentration is somewhat suspect. We grabbed a sample of waste solution 
as it was filling into organic solution. We noticed several changes in color in the waste, 
suggesting non-homogeneous nature, and perhaps varying copper concentration. 
At 1030 hrs, pump output < 500 mL/30 sec, too low for reasonable processing rate, will 
reinstall pump cleaned up to remove organic phase from seal and shaft. 
At 1050 hrs, no pump improvement, output ~ 100 mL for both phases in 30 sec. Abandon 
testing for the day. 
Description of Test Segments: 
A - Waste and Organic Phases fed from single storage container. Will run pump at 
maximum possible output. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
Additional Data: Composite sample of treated waste [Cu] = 30 ppm, 90% removal rate. 
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Wayne Circuits Test Data 
December 19, 1996 
Test Plan: Have replacement pumps that should be capable of reliably feeding solutions. 
First activity required is to complete processing of mixed test solution produced on 12/11. 
Will then strip copper with 2M sulfuric acid and conduct loading trial if time permits. 
Test Sample ID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Waste 0957 270 N/A 
A 1 600/20 550/20 1000 23 91.5 
A 2 650/20 550/20 1008 19 93.0 
B 3 700/10 600/10 1012 19 93.0 
Strip 136 N/A 
C 4 550/10 540/10 1055 362 N/A 
C 5 550/10 450/10 1105 377 N/A 
C 6 500/10 450/10 1115 358 N/A 
D 7 500/10 550/10 1150 374 N/A 
D 8 450/10 550/10 1210 381 N/A 
E 9 625/10 600/10 1220 223 N/A 
E 10 650/10 550/10 1235 468 N/A 
Strip Compo 404 N/A 
Waste 204 N/A 
F II 600/10 600/10 1305 158 22.5 
F 12 550/10 500/10 1320 162 20.6 
F 13 550/10 550/10 1335 160 21.6 
Trtd. Waste 163 20.1 
Description of Test Segments: 
A - Waste and Organic Phases originally mixed on 12/11 fed from single storage 
container. Will adjust pump to run at < 1 gpm combined flow. Measured flow rates of 
0.50 gpm organic phase and 0.44 gpm aqueous phase. Pump output setting of 40% 
B - Same 12/11 waste and organic phases pump at higher flow rate. Pump output 
increased to 60%. Measured flow rates of 1.11 gpm organic phase and 0.95 gpm aqueous 
phase. 
C - Stripping of copper from organic phase using three contactors in counterflow 
operation. Flow rates set high to encourage mixing. Measured flow rates of 0.85 gpm of 
organic phase and 0.76 gpm of aqueous phase. Pump output settings of 3 5 % for organic 
pump and 40% for aqueous phase. 
D - Second strip of same organic phase. Same initial pump settings. Measured flow rates 
of o. 7 5 gpm for organic phase and 0.83 gpm for aqueous phase. 
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E - Continuation of second strip at higher organic phase flow rate. Pump setting reset to 
38% for organic phase. Measured flow rates of 1. 00 gpm for organic phase and 0.91 gpm 
for aqueous phase. 
F. Collected 46 gal of aqueous waste for processing. pH of this waste volume measured 
at ~ 1.0 at-plant. Initial operation with three contactors in counterflow operation. Pump 
settings at 36% for organic phase and 40% for aqueous phase. Measured flow rates of 
0.90 gpmfor organic phase and 0.87 gpmfor aqueous phase. 23 gallons of waste 
processed in this experiment. Pending results, will process remainder during next plant 
visit using external mixing of organic and aqueous phases. 
Observations during operation: 
• During initial strip (segment C) there was about 15% entrainment of aqueous phase 
into organic phase. This was remedied by reducing flow rates to those recorded in test 
data. Interpretation is that higher aqueous flow rate is not tolerable at existing 
contactor weir and speed settings. This required a second strip to produce a single 
organic phase for further processing. Continuous good phase separation, no indication 
of phase contamination under all other operating conditions. 
Additional Data: Composite sample of 12/11 treated waste returned to lab for ultimate 
mixing. [Cu] = 11 ppm, 96% removal rate. 
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Wayne Circuits Test Data 
December 23, 1996 
Test Plan: Will contact remaining 23 gallons of 12/19 waste with organic phase and 
externally mix prior to processing. Will then take on 12/23 waste for additional loading 
experiments. 
Test Sample ID Organic Flow Aqueous Time [Cu] %Cu 
Segment mL/sec FlowmL/sec ppm by Remov 
AA al 
Waste 0935 235 N/A 
A 1 500/20 500/20 0940 215 8.5 
A 2 450/20 450/20 0950 219 6.8 
A 3 450/20 450/20 1000 221 6.0 
B 4A 475/10 450/10 1010 216 8.1 
B 4B 475/10 450/10 1010 218 7.2 
Trtd. Waste 215 8.5 
Waste 302 N/A 
C 5 550/20 550120 1120 53 82.4 
C 6 550/20 550/20 1130 42 86.0 
C 7 550/20 500120 1140 37 87.7 
D 8 400/10 400/10 1150 33 89.1 
D 9 450/10 350/10 1200 29 90.4 
D 10 450/10 350/10 1205 28 90.7 
Trtd. Waste 35 88.4 
Description of Test Segments: 
A - Processing of23 gal of waste externally mixed in a single tank with 23 gal of organic 
phase. Mixing time 15 minutes. pH of initial aqueous phase was about 1.0 (units). 
Processed through a single contactor. Measured flow rates of 0.37 gpm for organic phase 
and 0.37 gpm for aqueous phase. Pump setting at 40%. 
B - Continued processing of segment A at higher flow rate. Measured flow rates of 0.73 
gpm for organic phase and 0.71 gpm for aqueous phase. 
C - Treatment of23 gal of waste collected 12123. pH of waste solution = 3. Mixed with 
23 gal of organic phase for 20 minutes at high shear. Measured flow rates of 0.44 gpm 
organic phase and 0.41 gpm aqueous phase. 
D - Continuation of segment C at higher fluid processing rate. Measured flow rates of 
0.68 gpm organic phase and 0.59 gpm organic phase. 
Observations: 
Continuous good phase separations throughout all test segments. 
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Wayne Circuits Test Data 
December 27, 1996 
Test Plan: Will strip organic phase with 2M sulfuric acid and then proceed to loacling 
studies. Ifpossible will adjust pH of waste solution into optimal range for copper loacling 
into extractant. 
Test Sample ID Organic Aqueous Time [Cu] %Cu 
Segment FlowmL/sec Flow ppm Removal 
mL/sec byAA 
Strip 1000 500 N/A 
A 1 600/10 600/10 1005 600 N/A 
A 2 600/10 600/10 1015 640 N/A 
A 3 600/10 600/10 1025 590 N/A 
A 4 600/10 600/10 1040 560 N/A 
A Strip Compo 560 N/A 
Waste* 175 N/A 
B 5 550/20 600/20 1155 19 89.1 
B 6 750/20 750/20 1203 19 89.1 
B 7 700/20 700/20 1211 16 90.9 
B 8 700/20 700/20 1219 16 90.9 
B 9 700/20 700/20 1227 17 90.3 
Trtd. Waste 27 84.6 
Waste** 160 N/A 
C 10 700/20 700/20 1324 26 83.4 
C 11 800/20 800/20 1332 20 87.5 
C 12 800/20 800/20 1340 16 90.0 
C 13 800/20 800/20 1348 13 91.3 
C 14 800/20 800/20 1354 19 88.1 
Trtd. Waste 21 86.9 
Description of Test Segments: 
A - Stripped ~ 45 gal of organic phase with 2M sulfuric acid solution. Have continued to 
use the same sulfuric acid throughout trial to build copper concentration into a range 
where it could have value, and to verify that continued copper removal from organic phase 
will occur. Processed through three contactors in counterflow operation. Measured flow 
rates of 0.95 gpm for organic phase and 0.95 gpm for aqueous phase. Pump settings at 
36% for organic phase and 40% for aqueous phase .. 
B - Collected ~46· gallons of waste. Adjusted pH of segment B solution to ~ 2.0 with 
3500 mL strip solution to determine impact of acidity on extractant performance. Mixed 
23 gal of waste with organic phase for 20 minutes at high shear. Processed through a 
single contactor to separate phases. Measured flow rates of O. 53 gpm for organic phase 
and 0.54 gpm for aqueous phase. Pump setting at 40%. 
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C - Segment C is the other half of the waste collected for segment B, but without pH 
adjustment. Mixed with organic phase for 20 minutes at high shear. Measured flow rates 
of 0.61 gpm organic phase and 0.61 gpm aqueous phase. Solution pH about 10. Pump 
setting at 40%. 
Observations: 
Continuous good phase separations throughout all test segments. 
Additional Data: 
Sampled organic phase after stripping. Contacted with fresh 2M sulfuric acid in lab. [Cu] 
in acid solution = 55 ppm 
Lab measurement of solution pH: Segment B = 1.9, Segment C = 9.7 
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Wayne Circuits Test Data 
January 2, 1997 
Test Plan: Will strip organic phase with 2M sulfuric acid in two contactors in counterflow 
operation. Objective is to determine if adequate contact and mixing times exist with two 
contactors for stripping. 
Test Sample ID Organic Aqueous Time [Cu] %Cu 
Segment FlowmL/sec Flow ppm by Removal 
mL/sec AA 
Strip 1015 560 N/A 
A 1 550/10 600/10 1025 760 N/A 
A 2A 500/10 550/10 1035 572 N/A 
A 2B 500/10 550/10 1035 640 N/A 
A 3 500/10 550/10 1045 726 N/A 
A 4 500/10 550/10 1055 680 N/A 
Strip Compo 680 N/A 
B 5 600/10 600/10 1125 736 N/A 
B 6 600/10 550/10 1135 756 N/A 
B 7 600/10 550/10 1145 748 N/A 
B 8 600/10 500/10 1155 752 N/A 
Strip C~mp __ 816 N/A 
Description of Test Segments: 
A - Stripped - 45 gal of organic phase with 2M sulfuric acid solution. Have continued to 
use the same sulfuric acid throughout trial to build copper concentration into a range 
where it could have value, and to verify that continued copper removal from organic phase 
will occur. Processed through two contactors in counterflow operation. Measured flow 
rates of 0.81 gpm for organic phase and 0.89 gpm for aqueous phase. Pump settings at 
36% for organic phase and 40% for aqueous phase. 
B - Stripped same 45 gallons of organic phase for second time. Collected samples of 
organic phase for laboratory stripping to determine completeness. Measured flow rates of 
0.95 gpm for organic phase and 0.87 gpm for aqueous phase. Pump settings at 38% for 
organic phase and 40% for aqueous phase. 
Observations: 
Continuous good phase separations throughout all test segments. 
Additional Data: 
Sampled organic phases before and after stripping. Contacted with fresh 2M sulfuric acid 
in lab. [Cu] in acid solution from loaded organic solution = 130 ppm [Cu] in acid 
solution after first strip = 18 ppm Suggests stripping as being 86% complete. [Cu] in 
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acid after second strip = 10 ppm Suggests two strips as being 92% complete, only 
marginally better than one. 
Collected samples of waste treated on 12127 (with and without pH adjustment for other 
metals analysis. This will determine loading on ion exchange columns. 
Species [Element] in pH adjusted [Element] in. Raw Waste 
Waste 
Chromium <5 <5 
Iron 6 2 
Lead 1 1 
Nickel 12 8 
Copper 35 20 
Manganese <5 <5 
Zinc <1 <1 
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Wayne Circuits Test Data 
January 6, 1997 
Test Plan: Will attempt to drive copper concentration in waste collected 12/27/96 lower 
by an additional treatment with stripped organic phase. Will also collect and treat 
additional waste secured from today' s operation. 
Test Sample ID Organic Aqueous Time [Cu] %Cu 
Segment FlowmL/sec Flow ppm by Removal 
mL/sec AA 
Waste 0940 35 N/A 
A 1 650115 600/15 0945 24 31.4 
A 2 600/15 550/15 0953 18 48.6 
A 3 600115 550/15 1001 14 60.0 
A 4 450115 450/15 1008 15 57.1 
A 5 450/15 450/15 1016 16 54.3 
A 6 450115 450/15 1024 15 57.1 
A Compo 18 48.6 
B Waste 500 N/A 
B 7 600/15 700115 1145 71 85.8 
B 8 550/15 650115 1151 59 88.2 
B 9A 600/15 600115 1156 50 90.0 
B 9B 600/15 600/15 1156 49 90.2 
B 10 700/15 600/15 1202 45 91.0 
B 11 700/15 600/15 1208 37 92.6 
B 12 500/15 500/15 1214 35 93.0 
B 13 500115 500115 1220 37 92.6 
B Compo 64 87.2 
C Strip Start 685 N/A 
C 14 600110 500/10 1250 920 N/A 
C 15 600/10 500/10 1310 895 N/A 
C Strip Compo 800 N/A 
D Strip Compo 915 N/A 
Description of Test Segments: 
A - Loading of 12127 waste solution already once-loaded. Used 23 gallons of waste and 
23 gallons of barren organic. Used 20 minutes of high shear mixing to encourage mass 
transfer. Attempted to maximize copper removal prior to ion exchange processing. 
Measured flow rates of 0.85 gpm for organic phase and 0.81 gpm for aqueous phase. 
Pump setting at 42% for combined organic phase and aqueous phase. 
B - Loading of 1/6/97 waste solution. Measured pH = 3. Collected 45 gallons of waste, 
used only 25 in this experiment. Added 20 gallons ofbarren organic. Used 20 minutes of 
high shear mixing to aide mass transfer. Measured flow rates of 0.94 gpm for organic 
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phase and 0.94 gpm for aqueous phase. Pump setting at 40% for combined organic phase 
and aqueous phase. 
C - Stripping of organic phase with 2 molar sulfuric acid that has been in service 
throughout trial. Measured flow rates of 0.95 gpmfor organic phase and 0.79 for 
aqueous phase. Pump settings at 36 for organic phase and 40 for aqueous phase. 
D - Second strip of organic with same 2 molar sulfuric acid. Same flow rates and pump 
settings maintained from segment C. 
Observations: 
Continuous good phase separations throughout all test segments. 
Additional Data: 
Sampled organic phases before and after stripping. Contacted with fresh 2M sulfuric acid 
in lab. [Cu] in acid solution from loaded organic solution = 625 ppm. [Cu] in acid 
solution after:first strip = 480 ppm. Suggests stripping as being 22.6% complete. [Cu] in 
acid after second strip = 28 ppm. Suggests two strips as being 95% complete. 
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Wayne Circuits Test Data 
January 7, 1997 
Test Plan: Will treat second waste volume collected 1/6/97 and then strip organic phase to 
prepare for further study. 
Test SampleID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Waste 1115 500 N/A 
A 1 700/20 600/20 1121 58 88.4 
A 2 700/20 600/20 1125 42 91.6 
A 3 800/20 700/20 1130 40 92.0 
A 4 750/20 750/20 1135 38 92.4 
A 5 600/20 600/20 1145 39 92.2 
A Compo 66 86.8 
B Strip 1055 N/A 
B 6 550/10 450/10 1330 1220 N/A 
B 7 550/10 450/10 1335 1220 N/A 
C 8 600/10 400/10 1350 1070 N/A 
C 9 600/10 400/10 1405 1100 N/A 
C 10 600/10 400/10 1420 1100 N/A 
Description of Test Segments: 
A - Loading of 1/6/97 waste solution. Measured pH = 3. Collected 45 gallons of waste, 
used 20 in this experiment. Added 20 gallons ofbarren organic. Used 20 minutes of high 
shear mixing to aide mass transfer. Measured flow rates of 0.55 gpm for organic phase 
and 0.52 gpm for aqueous phase. Pump setting at 40% for combined organic phase and 
aqueous phase. 
B - Stripping of organic phase with 2 molar sulfuric acid that has been in service 
throughout tria1. Measured flow rates of 0.87 gpm for organic phase and 0.71 for 
aqueous phase. Pump settings at 36 for organic phase and 40 for aqueous phase. 
C - Second strip of organic with same 2 molar sulfuric acid. Same pump settings 
maintained from segment B. Measured flow rates of 0.95 gpm for organic phase and 0.63 
gpm for aqueous phase. 
Observations: 
Continuous good phase separations throughout all test segments. 
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Wayne Circuits Test Data 
January 9, 1997 
Test Plan: Delivering ion exchange hardware, consisting of a pump stand with controls 
and a cylinder containing 112 cubic foot ofEichrom's Diphonix resin. Testing planned for 
this date could not be conducted. A plant operator driving the plant's fork-lift truck 
skidded on some snow and collided with the storage container in which our strip solution 
was being stored. We cleaned up the area, with no release of acid solution, but in doing 
so loaded the waste tank with strip solution. We will have to wait for about 24 hours for 
this solution to be displaced out of the waste tank that serves as our waste supply. 
Anticipate testing can resume 1110/97. 
WAYNDATA15 
Wayne Circuits Test Data 
January 10, 1997 
Test Plan: Will treat several volumes of waste collected on previous dates in attempt to 
drive effluent copper concentrations lower prior to IX treatment. May also collect and 
treat current day's waste. Will configure contactors to have a single unit do waste 
separation, the other two providing on-line stripping. The resultant solutions will be 1) 
treated waste, 2) barren organic and 3) building copper concentration in strip solution. 
Test Sample ID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Trtd.Waste 0950 36 N/A 
A 1 750/20 800/20 1005 9 75.0 
A 2 650/20 650/20 1012 8 77.7 
A 3 700/20 550/20 1018 10 72.2 
A 4 600/20 500/20 1025 8 77.7 
A 5 550/20 450/20 1032 7 80.5 
A Compo 13 63.8 
B Trtd.Waste 1130 88 N/A 
B 6 600/20 700/20 1138 60 31.2 
B 7 600/20 600/20 1146 56 36.3 
B 7B 600/20 600/20 1146 53 39.8 
B 8 600/20 550/20 1154 44 50.0 
B 9 600/20 500/20 1202 40 54.5 
B 10 600/20 500/20 1210 39 55.7 
B 11 550/20 500/20 1218 38 56.8 
B 12 600/20 500/20 1226 40 54.5 
B Compo 55 37.5 
C Waste 1340 153 
C 13 600/20 800/20 1348 147 4.0 
C 14 550/20 600/20 1358 144 5.9 
C 15 550/20 550/20 1408 143 6.5 
C 16 500/20 550/20 1418 144 5.9 
C 17 550/20 500/20 1428 135 11.8 
C 18 600/20 400/20 1438 138 9.8 
C Compo 136 11.1 
Description of Test Segments: 
A - Second loading of waste solution originally treated 117. Measured pH = 3. Added 20 
gallons ofbarren organic that had been batch stripped. Used 20 minutes of high shear 
mixing to aide mass transfer. Measured flow rates of 0.52 gpm for organic phase and 0.47 
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gpm for aqueous phase. Pump setting at 38% for combined organic phase and aqueous 
phase. Pump setting at 40% for stripping acid. 
B - Second loading of waste originally collected on 1/6. Using one contactor to separate 
phases and two to strip "on-line". Measured flow rates of o. 52 gpm for organic phase and 
0.44 gpm for aqueous phase. Pump settings at 40% for waste/organic phase and 40% for 
acid solution. 
C - First loading of waste this date. Waste pH = 10 - 11. Twenty minutes of high energy 
mixing applied. Using one contactor to separate phases and two to strip "on-line". This is 
first use of organic phase that was stripped on-line. Measured flow rates of 0.44 gpm for 
organic phase and 0.44 gpm for aqueous phase. Pump settings of 40% for mixed 
waste/organic and 38% for acid strip. 
Observations: 
Continuous good phase separations throughout all test segments. 
Other data: Samples of barren organic phases, stripped in batch mode and on-line were 
collected. In laboratory they were contacted with fresh 2M sulfuric acid and mixed. 
Resultant [Cu] were: In batch stripped [Cu] = 227 ppm, in on-line [Cu] = 48 ppm. 
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Wayne Circuits Test Data 
January 13, 1997 
Test Plan: Initiating ion exchange experiments. Will pass several batches of waste 
previously treated via solvent extraction through a column of Eichrom' s Diphonix resin. 
Will monitor copper and other regulated metals; nickel, chromium, iron, lead, manganese, 
and zinc. Will compare to effluent regulations for plant. 
Test Segments: 
Waste A - Passed through column at maximum pump output. Retained in storage as 
Waste A. Measured flow rate is 10 gaJ/3.75 min = 2.66 gpm. Flux rate through 8 
inch diameter column is 7.77 gpm/:fl? About 44 gallons processed as Waste A. Estimate 
approximately 8 gallons of solution retained in equipment and resin canister. 
Waste B - Passed through column at maximum pump output. Processed ~ 18 gallons as 
Waste B. Retained in storage container. 
Waste C - Passed through column at maximum pump out put. Processed ~22 gallons and 
retained in same storage container as Waste B. Will label composite solution as Waste 
B+C. 
Data: See attached Table 
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1/16/97 ppm 
Sample Ni 
Ao 10 
A5 3 
A10 4 
A15 6 
A20 6 
A25 6 
A30 7 
A35 7 
A40 ·7 
AComp 5 
80 3 
85 7 
810 8 
815 7 
8Comp 8 
Co <1 
C5 6 
C10 6 
C15 6 
C20 3 
8&C Comp 6 
8&C Comp 6 
Ni 
Det. Limit 0.08 
Spike Recovery 0.80 
ppm 
Cr 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
<5 
Cr 
5 
0.90 
WAYNE CIRCUITS 
1/13/97 SAMPLES 
(ANALYZED 1/16/97) 
ppm ppm 
Fe Pb 
<0.1 1 
<0.1 <0.2 
<0.1 <0.2 
<0.1 <0.2 
<0.1 <0.2 
<0.1 <0.2 
<0.1 <0.2 
<0.1 <0.2 
<0.1 <0.2 
<0.1 <0.2 
<0.1 1.1 
<0.1 <0.2 
<0.1 <0.2 
<0.1 <0.2 
<0.1 <0.2 
<0.1 6 
<0.1 <0.2 
<0.1 8 
<0.1 9 
<0.1 8 
<0.1 4 
<0.1 4 
Fe Pb 
0.1 0.2 
0.92 0.60 
Page 1 
ppm ppm ppm 1/16/97 
Mn Zn Cu Sample 
<5 1 30 Ao 
<5 0.2 1 A5 
<5 0.3 15 A10 
<5 0.3 14 A15 
<5 0.3 17 A20 
<5 0.2 20 A25 
<5 0.2 20 A30 
<5 0.3 22 A35 
<5 0.2 22 A40 
<5 0.3 16 AComp 
<5 2 12 80 
<5 1 23 I 85 
<5 1 22 I 810 
<5 2 19 815 
<5 5 24 8Comp 
<5 1 130 Co 
<5 2 19 C5 
<5 2 130 C10 
<5 5 140 C15 
<5 2 121 I C20 
<5 2 55 18&C Comp 
<5 2 56 8&C Comp 
Mn Zn Cu 
5 0.02 0.05 
0.80 0.94 0.80 
Wayne Circuits Test Data 
January 14, 1997 
Test Plan: Have determined that 20 minutes of external mixing improves copper uptake 
into organic phase. Will test longer term mixing versus multiple, shorter-term mixing 
stages. Have collected 40 gallons of waste, will mix and split into two equal samples. 
Will mix one for twenty minutes, process and then remix for another 20 minute and 
process again. Will take second batch and mix with equal volume of organic for 40 
minutes. 
Test Sample ID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Waste 1015 480 N/A 
A 1 600/20 500/20 1020 60 87.5 
A 2 700/20 500/20 1030 55 88.5 
A 3 750/20 550/20 1040 49 89.8 
A 4 550/20 450/20 1050 49 89.8 
A 5 750/20 550/20 1100 47 90.2 
A Compo 53 89.0 
B 6 800/20 700/20 1235 5 99.0 
B 7A 800/20 650/20 1243 4 99.2 
B 7B 800/20 650/20 1243 4 99.2 
B 8 700/20 450/20 1251 4 99.2 
B 9 600/20 450/20 1259 5 99.0 
B 10 550/20 400/20 1307 6 98.8 
B CO:!!!e. 9 98.1 
C 11 600/20 550/20 1408 23 95.2 
C 12 600/20 550/20 1416 22 95.4 
C 13 550/20 500/20 1424 22 95.4 
C 14 750/20 550/20 1432 20 95.8 
C 15 650/20 550/20 1440 23 95.2 
C 16 650/20 550/20 1448 31 93.5 
C Compo 26 94.6 
Description of Test Segments: 
A - Waste and Organic Phases mixed for 20 minutes in a single container. Then fed 
through a single contactor to get phase separation. Following two contactors used to strip 
copper from organic phase into sulfuric acid solution. Measured flow rates of 0.53 gpm 
for organic phase and 0.40 for aqueous waste phase. Pump settings of 42% for mixed 
organic and waste phases and 38% for acid strip solution. 
WAYNDATA18 
B - Waste and Organic phases mixed for 40 minutes, then processed in same manner as 
segment A Measured pump output of 0.57 gpmfor organic phase and 42 gpmfor 
aqueous phase. Pump settings of 42% for mixed waste and organic and 38% for acid strip 
solution. 
C - Second loading of waste from test segment A into organic phase. Mixed once treated 
waste into equal volume (- 22 gallons) of barren organic for 20 minutes. Then processed 
in same manner as segment A and B. Measured pump outputs of 0.50 gpm for mixed 
waste and organic phases and 0.43 gpm for acid strip solution. Pump settings of 42% for 
mixed waste and organic phases and 38% for acid strip solution. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
• Waste solutions contained considerable suspended solids. -1/2 inch of sludge in 
bottom of waste storage drum 
Other Testing: 
WastepH= 3. 
WAYNDATA18 
Wayne Circuits Test Data 
January 17, 1997 
Test Plan: Believe from previous data that ion exchange bed may be fouled with oil. Will 
conduct a loading experiment to verify. Expected results is little or no metal uptake from 
Composite B+C feed solution. Will test only for copper and lead in effluent solution, 
since these are the primary metals of interest. 
Gallon Count [Cu] [Pb] 
221 (Start) 60 3.1 
232 74 3.5 
244 73 4.2 
255 77 3.5 
267 75 3.5 
277 70 3.5 
289 74 3:5 
300 72 3.6 
311 74 3.6 
327 73 3.6 
Description of Test Segment: 
Recirculated waste solution back into same storage tank. Sampled effluent leaving ion 
exchange system (not composite solution in tank). Flow rate measured at 0.78 gpm at 
beginning of processing, slowed to 0.72 gpm near end. 
Observations during operation: 
• Considerable turbidity in solution. Slight oily sheen in tank. Changed filter cartiridge 
in use following experiment. 
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Wayne Circuits Test Data 
January 22, 1997 
Test Plan: Processed some waste to treat in ion exchange system before and after resin 
cleaning. Will attempt to demonstrate that oil is reverSloly fouled with organic phase from 
solvent extraction process, and can be restored for additional ion exchange service. 
Test Segment Gallon Count [Cu] [Pb] 
A 327 (Start) 114 1.3 
A 348 (filtered only) 95 1.8 
A 369 84 1.5 
A 374 47 0.3 
A 380 30 0.2 
A 386 27 <0.2 
A Comp 43 0.8 
B 457 27 0.2 
B 460 44 0.3 
B 465 57 0.4 
B 470 60 0.4 
B Comp 35 0.3 
Description of Test Segment: 
A - Processing of aqueous phase effluent from solvent extraction system (mixed organic 
and aqueous phases for 20 minutes). 
B - Added 60 mL of Triton X-100 (surfactant) to 20 gallons of water to provide for 
cleaning of organic material from resin bed. Applied solution upflow to bed. Followed 
surfactant solution with 2 - 20 gallons rinses, also in upflow direction. Final downflow 
rinse with 10 gallons of water. 
Observations during operation: 
• Considerable oily character to solution backtlushed out of column during surfactant 
cleaning. Also heavy turbidity throw during cleaning and fust rinse. 
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Wayne Circuits Test Data 
January 27, 1997 
Test Plan: Will collect -24 gallons of waste and conduct final experiment with centrifugal 
contactors before returning to manufacturer. Will mix with barren organic for 40 minutes 
external to contactors, then process. Will use two contactors to strip copper from organic 
phase. 
Test Sample ID Organic Aqueous Time [Cu] ppm %Cu 
Segment Flow Flow byAA Removal 
mL/sec mL/sec 
Waste 1420 1500 N/A 
A 1 800/20 750120 1425 350 76.7 
A 2 800/20 750/20 1431 150 90.0 
A 2A 800120 750120 1431 149 90.1 
A 3 800/20 700120 1437 151 89.9 
A 4 650/20 650120 1443 152 89.8 
A 5 750/15 600/20 1449 149 90.1 
A 6 500/10 600120 1455 167 88.9 
A 7 500/10 600/20 1501 320 78.7 
A Comp 150 90.0 
Description of Test Segments: 
A - Waste and Organic Phases mixed for 40 minutes in a single container. Then fed 
through a single contactor to get phase separation. Following two contactors used to strip 
copper from organic phase into sulfuric acid solution. Measured flow rates of 0.70 gpm 
for organic phase and 0.54 for aqueous waste phase. Pump settings of 40% for mixed 
organic and waste phases and 40% for acid strip solution. 
Observations during operation: 
• Continuous good phase separation, no indication of phase contamination 
Other Testing: 
Analysis of sulfuric acid strip solution following processing, [Cu] = 1500 ppm 
WAYNDATA21 
Wayne Circuits Test Data 
February 4, 1997 
Test Plan: Will make repairs to ion exchange system and then conduct experiments on 
. waste previously treated via solvent extraction to reduce copper concentration. 
Processing to include twice filtering waste to reduce suspended loading to ion exchange 
resin, then two passes across resin. Waste being processed was SX treated on January 27 
- 28 and is identified on barrel as Waste D. 
Test Segment Gallon Count [Cu] [Pb] 
A 476 (Start) 144 1.04 
A 519 (filtered only) 180 1.02 
B 561 (filtered only) 184 1.02 
C 570 U8 0.50 
C 578 140 0.60 
C 590 146 0.40 
C 598 143 0.38 
C 605 150 0.37 
C Compo 137 0.45 
D 606 (Start) 
D 616 144 0.33 
D 626 147 0.34 
D 636 152 0.41 
D 646 155 0.46 
D Compo 150 0.36 
Description of Test Segment: 
A - Filtration of Waste D through used 10 micron filter element. Flow rate estimated at 3 
gpm 
B - Replaced filter element and refiltered Waste D. Flow constant at 3 gpm 
C - Plumbed in ion exchange resin cartridge to process. Flow rate reduced to -1.33 gpm 
D - Second ion exchange processing of same solution. Flow rate constant at 1.33 gpm 
Observations during operation: 
• Disposed oflast 1 - 2 gallons of solutions remaining in barrel at end of Segment A. 
This was to eliminate potential for oil fouling in system 
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Wayne Circuits Test Data 
February 6, 1997 
Test Plan: Will process waste identified as Waste D through ion exchange system This 
solution has previously been treated by solvent extraction process to reduce copper 
concentration. 
Test Segment Gallon Count [Cu] [Pb] 
A Start 112 0.4 
A 700 92 0.4 
A 720 130 0.6 
A 740A 108 0.5 
A 740B 108 0.5 
A 770 103 0.4 
A 790 104 0.4 
A 810 105 0.5 
A 830 106 0.4 
A 850 104 0.4 
A 870 109 0.4 
A Composite 105 0.4 
Description of Test Segment: 
A - Processed waste identified as D through ion exchange system in downflow direction. 
Flow rate at'2.0 gpm. 
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Wayne Circuits Test Data 
February 11, 1997 
Test Plan: Have three bins of solutions treated by solvent extraction process. Will use 
these as starting solutions for IX treatment. Each bin is labeled to keep track of progress 
through filtration and ion exchange treatments. 
Test Solution Process Gallon [Cu] [Pb] 
Count 
WasteE Start N/A 39 1.2 
1st Filtration 884 41 1.1 
2nd Filtration 902 40 1.1 
1st IX Composite 938 60 0.8 
2nd IX COIlllJosite 953 43 0.8 
3rd IX Composite 969 58 1.0 
WasteB+C Start N/A 61 4.6 
1st IX Composite 1006 72 4.2 
2nd IX COIlllJosite 1043 80 3.1 
3rd IX Composite 1079 82 4.2 
WasteF Start N/A 22 2.4 
1st Filtration 1116 28 2.5 
2nd Filtration 1153 28 2.4 
1st IX Composite 1185 22 0.8 
Description of Test Segment: 
A - Processed waste identified as E twice through IX filter system (no resin exposure) to 
remove particulate contamination, After second filtration, filter element changed and 
system replumbed to include resin exposure. Three solution exposures to resin column in 
downflow mode, flow rate at 2 gpm. 
B - Processed waste identified as B+C. This bin had been filtered and exposed to resin 
earlier in trial, at a time when resin is believed to have been fouled by oil (SX organic 
phase). Three exposures to resin conducted, flow rate at approximately 2 gpm, 
downflow .. 
C - Processed waste identified as F. This batch of waste had a very heavy suspended 
solids loading, up to 10% of waste was solids. Two filtration only passes removed some 
of the solids, but solution still opaque. Following filtration steps, cartridge filter (rated at 
10 microns) changed. Flow at start of IX treatment was 2 gpm. After 20 gallons of 
processing, flow noticeably slower. After 32 gallons processed flow essentially stopped 
and processed solution noticeably clearer. Suspect that solids loading is plugging resin 
bed and restricting flow. 
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Wayne Circuits Test Data 
February 14, 1997 
Test Plan: Will strip resin in ion exchange column using hydrochloric acid. Then will rinse 
column and prepare for additional treatment of same waste volumes treated on February 
11 with what is believed to be exhausted resin. 
Stripping procedure: mix 2 gal of31.45% HCI with approximately 10 gallons of process 
water. This makes about 12 gallons of7.0% (~2M) HCI solution. Checked accuracy of 
dilution with hydrometer. Resulting density of solution was 1. 028. This is equivalent to 
6% hydrochloric acid, close enough for stripping purposes. Strip solution applied to resin 
bed in upflow direction. An additional 20 gallons of solution was also applied to bed in 
upflow direction to displace acid solution. Then followed with 20 gallons of water in 
downflow direction as final rinse. 
Test Segment Gallon Count [Cu] jRb] 
A 1281(Start) 94 4.2 
A 1302 74 0.8 
A 1317 (1st Comp.) 30 0.3 
Description of Test Segment: 
A - Processed waste identified as B+C through ion exchange system in downflow 
direction following hydrochloric acid strip of resin. Flow rate at ~1.0 gpm 
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